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ABSTRACT
BOBBY MAY: The Synthesis of a Polyamine Perylenebisimide Derivative for
Intercalation into Quadruplex DNA
(With direction from Dr. Daniell Mattern)
Perylenebisimide intercalation in G-quadruplex DNA is an area of study that has
increasing interest in cancer research. The ability of perylenebisimides to interrupt the
structures of the G4 DNA on the end of telomeres has allowed for the observation of how
the variable-regions of the perylenebisimide can have differing effects on anticancer
properties. The purpose of this experiment was to synthesize a perylenebisimide with the
intentions of observing its intercalating properties with G-quadruplex DNA. In order to
accomplish this, dibenzylamine was substituted onto chloroacetonitrile through an SN2
reaction to produce 2-(dibenzylamino)acetonitrile. The 2-(dibenzylamino)acetonitrile
was then reduced with LAH to yield N,N–dibenzylethane-1,2-diamine. The final step
involved the transformation of the perylene-3,4,9,10-tetracarboxylic dianhydride into the
targeted perylenebisimide derivative. While the first two steps were determined to be
successful, the final molecule was not isolated in a pure state, despite subtle NMR signals
that hinted to the synthesis of the molecule. Despite falling short of completion, with
more time and a few more changes to the reactions when the project continues, a
perylenebisimide derivative could be obtained that would potentially have unique effects
when intercalated into G-quadruplex DNA.
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Chapter 1: Introduction and Background
Although the human genome consists of several billion different base pairs of
nucleotides in a unique order from person to person, one place that all humans are similar
in their genetic code is in their telomeres.

Telomeres are present at the end of

chromosomes and prevent the chromosomes from deteriorating or interacting with other
chromosomes. The similarity that humans, and all vertebrates, possess is in the series of
repeating nucleotides that constitute a telomere. The telomeric repeat that characterizes
vertebrates is the sequence of nucleotides in the order TTAGGG.7 This six-nucleotide
sequence is rich in guanine (Figure 1.1).
The abundance of guanine that is present within the telomere actually makes it
easier for the telomeres to interact with themselves through the formation of a structure
called G-quadruplex. Also called G4 DNA for short, these structures are able to form
through Hoogsteen hydrogen bonding.5 This form of hydrogen bonding takes place in the
major grooves of DNA strands between the nucleotides. In G-quadruplexes, however,
only guanine participates in the hydrogen bonding. More specifically, four guanine
nucleotides are bound together to form one G-tetrad. Each nucleotide of guanine is
bound to another guanine at the 1 and 7 positions of the nucleotide as well as on the
amino and carbonyl substituents on carbons 2 and 6, respectively. The positions of the
Hoogsteen hydrogen bonding can be seen in Figure 1.2.

The G-tetrad is then further

stabilized by the presence of a cation such as potassium (M+ in Figure 1.2).
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Figure 1.1 - The Structure of Guanine with the Universal Numbering
The G-tetrad that is formed is then aggregated with other G-tetrads to form a G4
DNA complex. In other words, DNA telomeres bond through four guanine molecules to
form a G-tetrad, and the G-tetrads form the structure of a G-quadruplex – a four stranded
DNA complex.

Figure 1.2 – The Structure of a G-tetrad and the G-quadruplex Structure, modeled from
Steinke11
G-quadruplex structures have become an increasingly important field of research
due to their close association with cancers. Studies have shown that there is a direct
correlation of the presence of G4 DNA with the presence of around 85% of cancers. This
correlation has lead scientists to research the ways that the G4 DNA structures can
influence cancer formation. In a study by Han and Hurley, specific oncogenes have been
2

searched through the database, and it was determined that the promotor regions of these
cancer genes were rich in guanine.4 According to this same paper, G-quadruplex
structures may also play an important role in transcription regulation through the
stoppage of RNA polymerase.

This obstacle could cause premature stopping of

transcription which could further lead to cancer and other defects.
Perylenebisimides (PBI) are one of the few organic molecules that are known for
their ability to intercalate with G-quadruplex DNA, because they have the ability to pistack. Pi-stacking refers to the noncovalent interactions between aromatic rings. The
ability of PBIs to pi stack has caused scientists to begin research into how the pi-stacking
of PBIs could influence the stacking of the G-tetrad complexes.

Figure 1.3 –The Structure of a Generic Perylenebisimide
Though the full abilities of complexing PBIs with G4 DNA is not fully
understood, there is one property of PBI that has proven to be promising in the field of
cancer research. Changing the R-group, in particular the number of amines present in the
carbon chain that is attached to the perylenebisimide, has various effects on the
intercalating abilities of a specific PBI. In an experiment performed in 2015 by Xu et al.,
seven perylenebisimides were synthesized, each having a different carbon-amine chain,
in order to observe how they would each intercalate with G4 DNA and affect the
presence of cancer in rats.14 The results of the study showed that the better DNA
3

intercalators and greater anticancer activity was accompanied by moderate charges, small
size, and planar scaffolding within the PBI.14
One of the most well-known PBI intercalators is the molecule nicknamed PIPER,
short for N,N'-bis-(2-(1-piperidino)ethyl)-3,4,9,10-perylene tetracarboxylic acid diimide.
The affinity of PIPER to the G-quadruplex is easily manipulated by changing the pH of
the conditions, with high affinity occurring at a low pH, which causes the two amino
nitrogens to become protonated cations.

Figure 1.4 – N,N'-bis-(2-(1-piperidino)ethyl)-3,4,9,10-perylene tetracarboxylic acid
diimide
In 2013, for his Honors College thesis, Andrew Matrick attempted to synthesize a
PBI with a “swallowtail” on both sides that had more nitrogen atoms. The goal of this
was to observe how solubility and G4 DNA binding ability would be affected by the
increase of charge within the PBI. Additionally, the presence of a longer substituent on
either side of the PBI was hypothesized to inhibit the pi-stacking of the perylenebisimides
and increase the solubility of the molecules.6 He was unsuccessful in his attempts,
however, because his target molecule could not be adequately purified.

4

Figure 1.5 – Target PBI for Matrick’s Honors College Thesis with Two Triamineswallowtail Substituents
In 2015, Carter Barnett took over Matrick’s research for his senior Honors
College thesis. Barnett, on the other hand, took on an alternate synthetic route to make a
different PBI, shown in Figure 1.6. Whereas Matrick’s target molecule possessed three
tertiary amines on each side of the PBI, Barnett attempted to make a PBI with two
tertiary amines on each side of the molecule but with increased aromatic carbon. The
methine attachment of the tails to the PBI nitrogen was hypothesized to provide better
solubility, and hence better purifiability, than the methylene attaching groups in Figure
1.5.

Figure 1.6 – The target PBI for Barnett’s thesis research with two swallowtail amines
The dibenzylamine tails were chosen over cyclohexane tails due to the additional
conjugation causing more optical activity under UV light as well as increasing the overall
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polarity of the molecule, making the synthesis easier to follow with thin layer
chromatography and nuclear magnetic resonance spectroscopy. This synthetic route still
posed issues, however, that prevented the production of the target. While the synthesis of
this molecule was the ultimate goal, the failed attempts at the molecule posed the
question as to whether or not the increased number of nitrogens themselves were causing
the issues that prevented the synthesis of the multi-nitrogen target. Additionally, the
large increase in steric hindrance from Matrick’s molecule to Barnett’s molecule was
thought to have caused some synthetic obstacles as well.
Because the synthetic attempts at the molecule in Figure 1.6 were giving
unexpected (and unidentified) products, Barnett then moved on to a simpler model
molecule shown in Figure 1.7, in order to determine if it would be possible to make a
PBI with just one of the swallowtail amines on each side.

Figure 1.7 – The second target PBI of Barnett’s thesis
Barnett was able to successfully get through the first step of this synthetic
pathway as can be seen in Figure 1.8.

This step, the production of the

dibenzylaminopropan-2-one, is where the endeavors of this thesis begin.
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Figure 1.8 – Reaction for the Production of Dibenzylaminopropan-2-one
The first step of the synthesis, Reaction 1, was the reproduction of the reaction
that Barnett performed in Figure 1.8. The exact reaction procedure was followed by
performing an SN2 reaction of the chloroacetone with the dibenzylamine in acetonitrile,
sodium iodide, and potassium carbonate. The benefits of having the sodium iodide in the
reaction mixture is that it allows the desired SN2 reaction to occur more quickly. The first
reaction that occurs during this reaction is a result of the sodium iodide in what is called a
Finkelstein reaction.1

Figure 1.9 – The Finkelstein Reaction that Occurred in the First Reaction of this Thesis
In a Finkelstein reaction, the less reactive halides are replaced with the more
active iodine. The chloride that is displaced from the chloroacetone precipitates out of
the mixture to form sodium chloride. This equilibrium of SN2 reactions that are occurring
between the halides allow for the reaction to proceed at a much faster rate towards the
second SN2 reaction in this procedure.

In the SN2 reaction that occurs next, the

dibenzylamine serves as the nucleophile, removing the iodine from the iodoacetone. The
potassium carbonate acts as the base to deprotonate the dibenzylamine after it has
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substituted onto the iodoacetone to form dibenzylaminopropan-2-one. The mechanism
for this reaction can be seen Figure 1.10.

Figure 1.10 – The Mechanism for Reaction 1
The synthetic pathway went in two separate directions after this step. The first
path that was attempted, Reaction 2, was the conversion of the ketone into an oxime by
using hydroxylamine hydrochloride, pyridine, and absolute ethanol in a procedure that
was taken from a textbook by Shriner et al.9

Figure 1.11 – The Reaction Scheme for Reaction 2
The formation of this would have further allowed for the reduction of the oxime
into a primary amine by using the reducing agent, lithium aluminum hydride. However,
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rearrangement possibilities of this molecule prevented it from being synthesized. The
mechanism for the theoretical production of the oxime can be seen in Figure 1.12. A
second attempt at the formation of the oxime, Reaction 3, was performed, but this time
the conditions were made more basic by mixing the dibenzylaminopropan-2-one with
hydroxylamine hydrochloride, water, and 10% sodium hydroxide. This should suppress
any acid-catalyzed Beckmann oxime rearrangement. This reaction, however, did not
prove to be any more successful than Reaction 2 in producing an isolatable oxime.

H+

Figure 1.12 – The Mechanism for the Production of an Oxime from
Dibenzylaminopropan-2-one
The second path, Reaction 4, that was attempted from Reaction 1 was the
production of a hydrazone through the use of 2,4-dinitrophenylhydrazine in the presence
of 95% ethanol, concentrated sulfuric acid, and water from Shriner et al.9 The nitro
groups that are present on the 2,4-DNP are deactivating groups for aromatic substitution
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reactions, but the presence of the two nitro groups on the benzene ring and the electronrich amines make it a highly reactive compound with ketones.

H2O, H2SO4

Ethanol

Figure 1.13 – The Reaction Scheme for Reaction 4
If Reaction 4 had been successful, the hydrazine derivative that was synthesized
would have been reduced to a primary amine through lithium aluminum hydride. The
mechanism can be seen in Figure 1.14. Like the oxime, however, the hydrazone target
did not appear to be stable, for unclear reasons.

Figure 1.14 – The Mechanism for the Formation of the Hydrazone from
Dibenzylaminopropan-2-one
10

The unsuccessful attempts at these two synthetic pathways sparked questions as to
whether or not the target molecule was possible to be synthesized. This led to the
introduction of a new synthesis plan with a new target molecule. The second target
molecule of this thesis can be seen in Figure 1.15. The elimination of the methyl group in
the Figure 1.11 target would eliminate some of the steric hindrance that the molecule has.

Figure 1.15 – The Second Perylenebisimide Derivative Target w/ No Methyl Group
The first reaction of this scheme, Reaction 5, was the SN2 substitution of
dibenzylamine onto chloroacetonitrile to form 2-(dibenzylamino)acetonitrile. This was
accomplished by following a procedure with dibenzylamine, potassium carbonate,
chloroacetonitrile, and acetonitrile that was performed by Bahde and Rychnovsky.8

K2CO3, 60°C
CH3CN

Figure 1.16 – Reaction Scheme for Reaction 5
The mechanism for this reaction is similar to that of the SN2 substitution that was
seen in Reaction 1. This reaction, however, does not use a Finkelstein reaction to
increase the reactivity of the chloroacetonitrile. After this reaction, the reduction of the
11

nitrile, Reaction 6, was accomplished by a reaction that was taken from a study done by
Catto et al.3 This reaction scheme, Figure 1.17, uses lithium aluminum hydride in
tetrahydrofuran (THF) to reduce the nitrile into a primary amine.

Figure 1.17 – Reaction Scheme for Reaction 6
This reaction had to be performed with high caution due to the ability of the
LiAlH4 to cause fire when in contact with water. The mechanism of this reaction can be
seen in Figure 1.18.

Figure 1.18 – The Mechanism for the Reduction of the Nitrile in Reaction 6.
12

The last reaction of the synthetic scheme, Reaction 7, was the conversion of
perylene-3,4,9,10-tetracarboxylic dianhydride into the perylenebisimide derivative that
was shown in Figure 1.15. This reaction was performed in accordance with a paper by
Wescott and Mattern by using the dianhydride, imidazole as the solvent, and zinc acetate
as a catalyst for the reaction.12 The zinc acetate facilitates the reaction by complexing
with the anhydride portions of the perylene-3,4,9,10-tetracarboxylic dianhydride,
increasing their susceptibility to nucleophilic attack. This reaction scheme can be seen in
Figure 1.19

Zn(OAc)2, 160°C, 2hrs
Imidazole

Figure 1.19 – The Reaction Scheme for the Final Reaction, Reaction 7
The mechanism for this reaction would proceed through the same steps on both
sides of the perylene-3,4,9,10-tetracarboxylic dianhydride, but most likely not at the same
time. The mechanism of Reaction 7 is shown in Figure 1.20.
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Figure 1.20 – Uncatalyzed Mechanism for the Conversion of the Perylene-3,4,9,10tetracarboxylic Dianhydride into the Targeted Perylenebisimide Derivative
Nuclear magnetic resonance spectroscopy was used throughout this research to
determine if the desired reactions had occurred. Copies of these spectra can be seen in
the Supplemental Information section. Thin layer chromatography was also used due to
the high conjugation of the compounds that were involved in this synthesis, making them
easily activated under UV light. The varying Rf values between each reaction’s reagents
and products were due to changes in polarity of the molecule and changes in the strengths
of interactions between the silica gel and hydrogen bond donators/acceptors in a
molecule. These were the two primary methods used to verify that a successful reaction
had occurred.
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Chapter 2: Experimental Procedures
Note: All of the reactions that were performed during this thesis project were
analyzed by NMR at the conclusion of the experiment. The solvent that was used for the
NMR sample preparation was deuterated chloroform, unless stated otherwise.
Reaction 1 - Procedure for the SN2 substitution of dibenzylamine onto
chloroacetone, mediated with a Finkelstein reaction, to form dibenzylaminopropan2-one
A 1.002 g (5.07 mmol) sample of dibenzylamine was added to a 50 mL roundbottom flask with 15 mL of acetonitrile. As the mixture was stirring, 0.971 g (10.5
mmol) of chloroacetone was added, followed by 1.504 g (10.0 mmol) of sodium iodide
and 2.00 g (14.5 mmol) of potassium carbonate. This solution was stirred at room
temperature for two hours while being followed by TLC. At the completion of the
reaction, the solution was vacuum filtered and washed with 5 mL of acetonitrile to ensure
that all of the product had been freed from the potassium chloride salt that had formed
through the Finkelstein reaction. The filtrate was collected, and the rotary evaporator
was used to evaporate the solvent. The resulting oil was then mixed with 5 mL of
chloroform, transferred to a separatory funnel, and washed with 3 mL of saturated
sodium bicarbonate. The organic layer was kept and washed with 3 mL of brine. The
organic layer was then dried over magnesium sulfate. After vacuum filtration to remove
the magnesium sulfate, the chloroform was removed through the rotary evaporator. A
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mass of 1.032 g (4.07 mmol) was obtained, for a crude yield of 80%. The product was
used in the next step without purification.

Reaction

2

–

First

procedure

for

the

formation

of

an

oxime

from

dibenzylaminopropan-2-one
In a 50 mL round-bottom flask, 0.511 g (2.02 mmol) of the dibenzylaminopropan2-one was combined with 0.505 g (7.27 mmol) of hydroxylamine hydrochloride, 2.50 mL
of pyridine, and 2.50 mL of absolute ethanol. The mixture was refluxed in a hot water
bath for two hours and followed by TLC throughout the reaction. The solvent system
was then removed by using distillation in a steam bath. The remaining solid material was
mixed with 2.50 mL of water, and the solid was collected with vacuum filtration and
recrystallized from hexane, giving a mass of 5.0 mg, for a yield of 0.9%.

Reaction

3

–

Second

procedure

for

formation

of

an

oxime

from

dibenzylaminopropan-2-one
In a 25 mL round-bottom flask, 0.20 g (0.79 mmol) of dibenzylaminopropan-2one was mixed with 0.50 g (7.2 mmol) of hydroxylamine hydrochloride, 3 mL of water,
and 2 mL of 10% sodium hydroxide. A minimal amount of ethanol was added to the
mixture to increase the solubility of the dibenzylaminopropan-2-one.

The reaction

mixture was then warmed for 15 minutes in a steam bath and followed by TLC. After
warming, the mixture was cooled in an ice bath to induce precipitation. The solid that
formed was collected by vacuum filtration and recrystallized from dilute ethanol. A mass
of 32 mg was collected for a yield of 15%.
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Reaction 4 – Procedure for the condensation of 2,4-dinitrophenylhydrazine onto
dibenzylaminopropan-2-one to form a hydrazone
In

a

50

mL

round-bottom

flask,

0.227

g

(1.15

mmol)

of

2,4-

dinitrophenylhydrazine was added to 1.0 mL of concentrated sulfuric acid. To this
solution, 1.5 mL of water was added dropwise with stirring to dissolve the 2,4dinitrophenylhydrazine. This made solution A. To make solution B, 0.275 g (1.09 mmol)
of dibenzylaminopropan-2-one was added into 10 mL of 95% ethanol. Solution A was
then added into solution B. Crystals formed immediately, but the reaction was allowed to
sit overnight to ensure maximum formation of product. The reaction was followed by
TLC. The solid was collected with vacuum filtration and recrystallized from 15 mL of
95% ethanol, to which 2.5 mL of water was added to cause total dissolving of the solid.
The hot mixture was filtered through glass floss into a 25 mL Erlenmeyer flask and
allowed to sit for 12 hours at room temperature. The crystals that formed were isolated
by vacuum filtration, producing a mass of 64 mg for a percent yield of 16%.

Reaction 5 – Procedure for the SN2 substitution of dibenzylamine onto
chloroacetonitrile to form 2-(dibenzylamino)acetonitrile
In a 250 mL round-bottom flask, 6.5 mL (34 mmol) of dibenzylamine and 9.37 g
(67.8 mmol) of potassium carbonate were added to 100 mL of acetonitrile. A sample of
2.8 mL (44 mmol) of chloroacetonitrile was added to this mixture. The reaction was
heated for 12 hours at 60°C with stirring under argon using Schlenk’s technique and
followed by TLC. The mixture turned to an orange-brown color. After the reaction had
finished, the contents were filtered through Celite.
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The remaining liquid was then

evaporated by using the rotary evaporator, yielding a dark oil. At this point, the product
had a crude yield of 104%, allowing for impurities to be present before attempting to
purify by flash column chromatography. A TLC of the crude product was performed
with a developing solvent system of hexane: ethyl acetate, 9:1. A crude NMR was also
taken in deuterated chloroform.
A trial purification via flash column chromatography was performed on a 262 mg
sample of the crude material. A column filled with silica gel was used for this trial. The
solvent system that was used was 95% hexane, 4% ethyl acetate, 1% trimethylamine.
The fractions that were collected from the column were followed by TLC to ensure
maximum product recovery. The column resulted in 166 mg of pure product being
collected for a yield of 63%.

Reaction 6 – Procedure for the reduction of 2-(dibenzylamino)acetonitrile to form
N,N–dibenzylethane-1,2-diamine
In a 25 mL round-bottom flask, 0.125 g (3.3 mmol) of lithium aluminum hydride
was added to 4.0 mL of tetrahydrofuran to produce solution A. To make solution B,
0.473 g (2.00 mmol) of 2-(dibenzylamino)acetonitrile was combined with 5 mL of
tetrahydrofuran in a 10 mL round-bottom flask. Solution B was carefully added dropwise
to solution A at 0°C with vigorous stirring and allowed to react for an hour under argon.
The reaction was also followed by TLC.

In order to discharge unreacted lithium

aluminum hydride after the hour had passed, water was slowly added dropwise until
effervescence had stopped. The solvent was then evaporated by rotary evaporation to
produce an oil.

18

It was later determined that the tetrahydrofuran that was used had significant
amounts of benzophenone in solution, thus causing a crowded NMR since the
benzophenone would not have evaporated off during rotary evaporation. To extract the
benzophenone from the product, the oil was dissolved in 20 mL of hexane in a separatory
funnel. A 15 mL portion of 5% hydrochloric acid was added, shaken, and allowed to
settle. The aqueous layer now containing the protonated amine was drained, and the
extraction was performed two more times to the organic layer. The aqueous layers were
combined and placed back into the separatory funnel. To remove the amine from the
aqueous layer, the solution was basified with 20% sodium hydroxide until the solution’s
pH matched that of the 20% NaOH. A 15 mL portion of methylene chloride was added
into the separatory funnel, shaken, and the organic layer was drained and kept. The
addition of methylene chloride was performed two more times. The organic layers were
combined, dried with sodium sulfate, and filtered through glass floss. The liquid was
then evaporated off by the rotary evaporator to produce a yield of 198 mg. This mass
equated to a percent yield of 41%.

Reaction 7 – Procedure for substitution of N,N–dibenzylethane-1,2-diamine onto
perylene-3,4,9,10-tetracarboxylic

dianhydride

to

produce

the

polyamine

perylenebisimide derivative
The 198 mg of product that was collected from reaction 6 was theorized to have
approximately 80 mg (0.33 mmol) of the N,N–dibenzylethane-1,2-diamine based on the
NMR that was obtained from reaction 6. The full 198 mg was added to 55 mg (0.136
mmol) of perylene-3,4,9,10-tetracarboxylic dianhydride in a 50 mL round-bottom flask,
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along with 647 mg (9.51 mmol) of imidazole and 19 mg (0.104 mmol) of zinc acetate
dihydrate. The reaction was heated in an oil bath at 160°C with stirring for two hours.
The reaction was followed by TLC. The material was washed with excess 1% KOH,
followed by water, and lastly methanol. Based off of the estimated 80 mg of N,N–
dibenzylethane-1,2-diamine within the crude material that was used for Reaction 7, the
crude yield was determined to be 173%.

This high percentage allowed for the

assumption that there was more than 80 mg of N,N–dibenzylethane-1,2-diamine in the
crude product from Reaction 6.

20

Chapter 3: Results and Discussion
The procedure for Reaction 1 to synthesize dibenzylaminopropan-2-one came
from a suggested procedure from a PhD candidate at the University of Mississippi,
Rambabu Sankranti, that Barnett was able to successfully perform. The crude yield of
80% was reasonable, since Barnett was able to recover a yield of 60% after purification.
The 1H NMR shifts that resulted matched those that Barnett obtained. These were the
chemical shifts (Supporting Information 1): 1H (300 MHz, CDCl3): 𝛿/ppm 2.07 (s, 3H),
2.37 (s, 3H), 3.20 (s, 2H), 3.68 (s, 4H), 3.77 (s, 2H), 7.23-7.39 (m, 10H). The singlet at
2.07 ppm is due to the methyl group that is attached to the carbonyl. The singlet at 3.20
ppm belongs to the methylene group in between the carbonyl and the amine. The singlet
at 3.68 ppm is from the two methylene groups that are between the amine and the
benzene rings. Lastly, the aromatic region from 7.23-7.39 ppm belongs to the two
benzene rings of the molecule. The two singlet peaks that are seen at 2.37 ppm and 3.77
ppm were originally thought the belong to ethyl acetate that had been used in the reaction
scheme in Barnett’s research. However, ethyl acetate was not used whenever the reaction
was performed this time. Instead, the two peaks are thought to belong to one of two
things. The integration gives rise to the possibility that the peaks could belong to
chloroacetone that did not react in the flask. The problem with this hypothesis is that an
1

H NMR was taken of chloroacetone for reference (Supporting Information 2), and the

chemical shifts do not match up. Another theory for these extra peaks is the presence of
unreacted dibenzylamine. A reference 1H NMR was taken of dibenzylamine (Supporting
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Information 3), and while the singlet at 3.77 ppm is acceptable in comparison with the
reference spectrum, there is nothing to match the singlet at 2.37 ppm. The last possibility
of the two peaks could be for the Finkelstein intermediate. As mentioned before, this
procedure took advantage of a Finkelstein reaction that encouraged the formation of the
desired product through a higher reactive intermediate - iodoacetone. This would have
the same integration as chloroacetone, but the shifts would be different. Since
iodoacetone would have a less electronegative molecule in place of the chlorine, the
chemical shifts could theoretically be more up-field in reference to the chloroacetone
spectrum. As the electronegativity of a substituent increases, there is a decrease in the
shielding of the proton due to a decrease in the electron density around the protons. This
causes the proton’s shift to be further downfield. Since chlorine is more electronegative
than iodine, this would make sense.
The products from this reaction were not purified as in Barnett’s research due to
the NMR for the dibenzylaminopropan-2-one being very clear. The products could have
been placed back into the same reaction conditions as Reaction 1, however, to allow for
the iodoacetone to react to completion. This would have increased the percent yield of
the reaction. Nonetheless, the crude products from Reaction 1 were used for Reaction 2
since the dibenzylaminopropan-2-one was thought to be more reactive with the
hydroxylamine hydrochloride than the leftover iodoacetone.
The procedures for Reaction 2 and Reaction 3 were both obtained from Shriner et
al. Reaction 2 took place under the basic conditions of pyridine, while Reaction 3 took
place under the slightly more basic conditions achieved with 10% sodium hydroxide.
Reaction 2 and Reaction 3 gave a percent yield after recrystallization of 0.9% and 15%,
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respectively. The 1H NMR spectra that were observed from these crystals (Supporting
Information 4 and 5, respectively) were messy and unclear. Theoretically, the four peaks
of interest from Reaction 1 for the methyl group, three methylene groups, and aromatic
groups should have not disappeared from the NMR spectrum, although they may have
altered their chemical shifts. Instead, there should have been the addition of a new signal
that corresponded to the proton connected to the oxygen of the oxime. The NMR spectra
that were recorded for the products of Reaction 2 and Reaction 3 did not follow these two
criteria. Instead, there was a disappearance of many prominent peaks and the appearance
of numerous insignificant peaks. This gave rise to theory that this product was too
unstable and underwent a rearrangement. The rearrangement that could have occurred
was a Beckmann Rearrangement. This type of rearrangement converts an oxime into an
amide and can be seen below in Figure 3.1.

Figure 3.1 – Acid-Catalyzed Mechanism for a Beckmann Rearrangement of the Oxime
that was the Target Molecule for Reactions 2 and 3
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One issue with this mechanism is the fact that normal Beckmann rearrangements
occur under acidic conditions. The reaction in which the oxime was attempted to be
synthesized with does not have an acid present in solution. This lead to the proposition
of Figure 3.2, a Beckmann-like rearrangement with the loss of hydroxide instead of
water. The loss of hydroxide is theoretically possible due to the presence of the 𝛽nitrogen in the oxime. 160°C, 2hrs

Figure 3.2 – Hypothetical Beckmann-like Rearrangement without the Acid Catalyst
In both mechanisms, however, the formation of the two fragments is the main
point of interest. The presence of these two fragments would add more molecules into
solution if some of the molecules did not complete the Beckmann rearrangement. This
would ultimately open up the door for more molecules to interact and form other
structures. This is the main thought as to where this synthetic scheme is going off track.
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Although this mechanism is not known to be correct, it does provide one
important piece of information – the oxime that was the target product for Reactions 2
and 3 is highly unstable and reactive. Therefore, while this mechanism may not be
exactly what happens, it shows one possibility of a rearrangement that can occur. The
many possible intermediates and by-products of the rearrangements would cause
numerous peaks to appear in an NMR spectrum. This would explain why the two NMR
spectra that were obtained for Reactions 2 and 3 were indistinguishable.
After the lack of success for the production of the oxime through Reactions 2 and
3, a new synthetic path was chosen. The oxime was the molecule that was one step
before the production of the amine that would be attached to the perylene-3,4,9,10tetracarboxylic dianhydride. Reaction 4 aimed to produce a molecule that could also be
the proceeding step before the production of the amine – a hydrazone. Reaction 4 was
taken from Shriner et al. and makes use of 2,4-dinitrophenylhyrdazine to convert the
ketone from Reaction 1 into a hydrazine. The percent yield for this reaction was 16%. As
in Reactions 2 and 3, however, the 1H NMR spectrum (Supporting Information 6) that
resulted from the crystals that were obtained from Reaction 4 did not confirm that the
reaction was successful. The theoretical mechanism for this reaction can be seen in
Figure 1.14.
As can be seen from this mechanism, there are several intermediates throughout
the production of the hydrazone. Not only does the mechanism allow for different
mechanistic steps to occur, but even the targeted hydrazone would have a low stability
that would open up possibilities of rearrangements and decomposition. The targeted
hydrazone, Figure 3.3, has three nitrogens in close proximity to each other.
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Figure 3.3 – Targeted Hydrazone from Reaction 4
The nucleophilic and basic nature of these nitrogens could allow for protonation,
elimination, substitution, and coordination steps to occur between any combination of
reagents in the reaction mixture. A possibility of fragmentation is present between the
nitrogen-nitrogen bond, but 2,4-dinitrohydrazones are normally pretty stable and
commonly made. Therefore, it is speculated that the instability of this molecule is found
in the nitrogen that is bound to the 𝜶-carbon.
At this point in the thesis research, the focus was switched to the synthesis of the
second target molecule, Figure 1.15. The reason for the change was due to the lack of
success in the production of target molecule one, giving rise to the theory that maybe the
molecule was too unstable to be isolated, or even produced. The idea for the second
target molecule was spawned from a study by Xu et al.14 This study successfully
produced numerous perylenebisimide derivatives similar to Figure 1.15, but none of the
molecules that this study produced had aromatic nitrogen chains. Therefore, by trying to
produce the molecule in Figure 1.15, the question as to whether or not the aromatic
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region of the chains has an effect on the production of a perylenebisimide derivative
would be answered.
The procedure for Reaction 5 to synthesize 2-(dibenzylamino)acetonitrile in
Figure 1.16 was followed from a study performed by Bahde and Rychnovsky, using their
exact reaction conditions. This reaction produced a crude yield of 104%, indicating that
there were impurities leftover from the reaction. A 1H NMR was taken of the crude
product (Supporting Information 7) and gave the following chemical shifts: 1H (300
MHz, CDCl3): 𝛿/ppm 3.34 ppm (s, 2H), 3.73 ppm (s, 4H), 3.81 ppm (s, 1H), 7.34-7.37
ppm (m, 14H). The singlet at 3.34 ppm was assigned to the methylene between the
nitrile and amine. The singlet at 3.73 ppm corresponded to the two methylene groups
between the amine and benzene rings. Lastly, the multiplet from 7.34 ppm to 7.37 ppm
belonged to the aromatic region of the 2-(dibenzylamino)acetonitrile. The other two
peaks were suspected to be leftover dibenzylamine and/or chloroacetonitrile, whose
reference 1H NMR spectra can be seen in Supporting Information 3 and 8, respectively.
The spectrum for chloroacetonitrile was obtained from the Japanese SDBS Database.15
The procedure from Bahde and Rychnovsky called for purification by flash
column chromatography.8 However, due to the large scale that the reaction was
performed on, a trial run of the column was performed in order to ensure there would not
be a waste of solvents and column material. A 262 mg sample of the crude product from
Reaction 5 was put through the column, giving an extrapolated yield of 63%. The white
solid that was collected was analyzed via 1H NMR (Supporting Information 9) to give the
following chemical shifts: 1H (300 MHz, CDCl3): 𝛿/ppm 3.28 ppm (s, 2H), 3.68 ppm (s,
4H), 7.24-7.37 ppm (m, 10H). The singlet at 3.28 ppm corresponds to the methylene

27

between the nitrile group and the amine, the singlet at 3.68 ppm corresponds to the two
methylenes between the amine and the benzene rings, and the multiplet from 7.24 ppm
and 7.37 ppm corresponds to the benzene rings. As can be seen in the NMR spectrum,
there are also three tiny peaks from 0.872-1.65 ppm. These peaks most likely correspond
to hexane and water that were not fully evaporated off after the reaction had concluded.
Nonetheless, the NMR that was taken of the purified product from Reaction 5 confirmed
that the 2-(dibenzylamino)acetonitrile had been successfully made. The chemical shifts
also matched reasonably close with those that were reported by Bahde and Rychnovsky.
The slight discrepancy between the values could be attributed to concentration effects.
The procedure for Reaction 6 was found in a study performed by Catto et al.,
using lithium aluminum hydride to reduce the nitrile group into a primary amine.3 This
study

successfully

reduced

a

nitrile

derivative

similar

to

the

2-

(dibenzylamino)acetonitrile, but with a methyl group in place of one benzyl groups. This
reaction, however, was not performed with the purified material that went through the
column in Reaction 5. After careful consideration, it was decided that the crude material
from Reaction 5 would be adequate for Reaction 6 since the LAH would be most reactive
with the nitrile, and since any of the dibenzylamine or chloroacetonitrile that had not
reacted in Reaction 5 would either simply be reduced or left alone during the reaction. If
the reaction was proven to be successful, then it would later be run with the purified
material from Reaction 5.
The reaction called for specific reaction conditions due to the reactive nature of
the LAH. As mentioned in the procedure for Reaction 2 in Chapter 2, it was later
determined that the THF that was used contained benzophenone. Benzophenone is
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commonly added into THF in order to act as a drying agent to eliminate water and
peroxides that may have formed in the container. It was not known, however, that the
benzophenone was present until the reaction had been run and TLC displayed unusual
spots. This unwanted molecule required an additional work-up step to be performed that
was not included in the procedure from Catto et al.3 The 1H NMR that was taken of the
material before the work-up step gave a complicated NMR spectrum that can be seen in
Supporting Information 10. This NMR showed two very faint peaks around 2.6 ppm that
gave slight hope that the nitrile had been reduced.
After the work-up step of 5% hydrochloric acid to separate the benzophenone
from the amine into aqueous and organic layers of the separatory funnel, followed by the
20% sodium hydroxide step to deprotonate the amine back into the organic layer, the
amine was able to be collected for a crude yield of 41%. A 1H NMR was taken of this
material (Supporting Information 11) to give the following chemical shifts: 1H (300
MHz, CDCl3): 𝛿/ppm 2.50-2.54 ppm (t, 3H), 2.70-2.74 ppm (t, 3H), 3.35 ppm (s, 2H),
3.56 ppm (s, 4H), 3.73 ppm (s, 4H), 3.80 ppm (s, 4H), 7.24-7.36 ppm (m, 26H). The
peaks at 3.35 ppm and 3.73 ppm correspond to 2-(dibenzylamino)acetonitrile that was not
reduced by the LAH. The peak at 3.80 ppm corresponds to dibenzylamine that was left
over from Reaction 5. The new presence of the two triplets was the first indicator that the
reaction had been successful. The presence of the new peak at 3.56 ppm corresponds to
the two methylenes between the amine and the benzyl groups. Lastly, there is a broad
peak at 2.16 ppm that most likely corresponds to the protons that are present on any of
the three molecules that are in the product. The grouping of these protons into one signal
is due to the protons being relatively similar in chemical shift. Thus, although the product

29

that was recovered was not pure, it was clear as to what was present in the product due to
the NMR.
The final reaction of the synthetic plan, Reaction 7, was modeled after a reaction
that was used in a study by Mattern and Wescott.12 The goal of this reaction was to
convert

the

perylene-3,4,9,10-tetracarboxylic

dianhydride

into

the

targeted

perylenebisimide derivative of this thesis research. One characteristic of this reaction is
that the perylene-3,4,9,10-tetracarboxylic dianhydride is the limiting reagent, not the
amine that is coordinating onto the perylene-3,4,9,10-tetracarboxylic dianhydride.
Therefore, because it was estimated that there was only 80 mg of N,N–dibenzylethane1,2-diamine in the crude material, this was the only number to base calculations on.
Due to lack of time, a decision was made to use the crude product from Reaction
6 to proceed with Reaction 7. The reasoning behind this was that the only molecule that
could react with the perylene-3,4,9,10-tetracarboxylic dianhydride would be a primary
amine. Thus, the dibenzylamine and 2-(dibenzylamino)acetonitrile would simply be
spectator molecules in the reaction flask. TLC proved to be useful in following this
reaction because the extensive conjugation of the dianhydride and perylenebisimide made
the molecules UV short and long wave active.
At the conclusion of the reaction, the material was washed with excess 1% KOH
and water in order to eliminate any perylene-3,4,9,10-tetracarboxylic dianhydride that
had not reacted with the N,N–dibenzylethane-1,2-diamine as well as eliminate the
imidazole. Lastly, the material was washed with methanol to eliminate any
dibenzylamine and 2-(dibenzylamino)acetonitrile. Methanol, a highly polar solvent, was
used because the targeted perylenebisimide should not have been soluble and would
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therefore

not

be

washed

through

the

filter.

The

dibenzylamine

and

2-

(dibenzylamino)acetonitrile, however, are soluble in methanol and were washed into the
filtrate.
At this point, a 1H NMR was taken of the solid that was collected (Supporting
Information 12). The resulting spectrum was not as expected, but there were a few
promising aspects that gave hope that the desired target was present in the sample. There
were two peaks at 3.66 ppm and 3.75 ppm that could correspond to the two methylene
groups between the tertiary amine and the bisimide. There was a broad peak around 9.68
ppm that could correspond to the aromatic region of the perylene structure. These protons
have a different shift on NMR spectra in comparison to benzyl protons, which are more
commonly around 7-7.5 ppm. There is a multiplet at 7.05-7.38 ppm that could belong to
the benzyl groups. The sample that was used for the NMR analysis was not completely
soluble in the CDCl3 that was used. Therefore, the subtle hints from the NMR and
solubility issues lead to the decision to find a better solvent for NMR analysis.
The next solvent that was tested for NMR analysis of the product from Reaction 7
was deuterated dimethyl sulfoxide. This initially dissolved more of the sample, but still
did not completely dissolve the sample. An NMR was taken with the deuterated dimethyl
sulfoxide (Supporting Information 13), but instead came back more unclear than the
spectrum with CDCl3.
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Chapter 4: Conclusion and Future Studies
One of the unfortunate aspects of research is that there are bound to be failures.
At a point of frustration, when reaction after reaction was failing, Dr. Mattern offered a
word of advice – “It wouldn’t be called research if there weren’t failures.” With this
being said, despite the incompletion of the end goal of this synthetic path, there were
several things that were, in fact, determined.
First, through the unsuccessful reactions that were performed with the hopes of
reaching the target molecule in the first synthetic path, Figure 1.7, it was determined that
the overall instability of the molecule and the reaction schemes that were chosen to reach
this molecule opened up the door for rearrangements. Specifically, Beckmann and
Schmidt rearrangements were valid explanations for the messy NMR spectra that were
obtained from the reaction products. The constant uncertainties that continued to occur
with the reactions that were being performed gave rise to the question that maybe the first
target molecule could not physically be synthesized due to its instability. A future
experiment could involve the direct reductive amination of the ketone. This route would
use NH3 instead of the problematic oxime or hydrazone routes. Therefore, this would
eliminate the possibility of the fragmentations that are hypothesized to be causing the
obstacles. Nonetheless, this assumption of the instability of the oxime and hydrazone lead
to the introduction of the second synthetic pathway.
The first reaction of this synthetic scheme was Reaction 5, the substitution of the
dibenzylamine onto chloroacetonitrile to form 2-(dibenzylamino)acetonitrile. This
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reaction was deemed successful due to NMR analysis. The trial of the flash column
chromatography for this procedure to yield pure product was also successful.

Not

subjecting all of the crude product of Reaction 5 to the column was likely the first place
that prevented success down the road. Had all of the product from this reaction been
isolated via the column, the various spectator molecules would not have been present in
the mixture to cause error. If time would have allowed, Reaction 6 and 7 should have
been performed with the small amount of pure product from Reaction 5. This would
have prevented crowding in the NMR and been easier to interpret with NMR as well as
TLC.
A second place that error could have occurred is in the use of THF with
benzophenone in Reaction 6. While the THF was thoroughly dried, it was not tested for
contaminants in the solution. The benzophenone did not directly hinder the reduction of
the nitrile into the primary amine, but there was the possibility that the benzophenone
was reduced itself. The benzophenone not only added another spectator molecule in the
reaction mixture, but it also caused confusion that took several weeks to resolve.
Nonetheless, the benzophenone was successfully removed from the product of Reaction 6
after the acidic and basic work-up steps. In order to prevent this confusion, had time
allowed, the reaction would have been performed with THF that was free of
benzophenone.
Lastly, the conversion of the perylene-3,4,9,10-tetracarboxylic dianhydride to the
perylenebisimide was theoretically expected to be one of the easier steps of the synthetic
scheme because of high reactivity coupled with a heated reaction. However, due to the
molecules that were crowding the reaction, the reaction rate was most likely decreased. In
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addition to this, the solubility of the product from Reaction 7 caused the NMR analysis to
be hopeful, but inconclusive. The spectrum in CDCl3 gave reason to believe that the
desired perylenebisimide derivate had been synthesized, but isolation was not achieved.
For the future attempts at this research project, it would be most beneficial for the
product of each reaction to be purified before moving on the subsequent step. Even if the
final reaction, Reaction 7, was still not successful after the use of pure materials, it would
be easier to determine that it was, indeed, unsuccessful and not simply overcrowded or
incorrectly being analyzed by NMR and TLC. However, due to the NMR of Reaction 7
in CDCl3, I am optimistic that the product is able to be made. Once the perylenebisimide
derivative is synthesized, the next step is to introduce the molecule to G-quadruplex as in
the study performed by Xu et al.14 Though a hypothesis as to whether or not this
molecule would have cancer-inhibiting properties would merely be a guess, it would be
interesting to observe as this molecule has never been synthesized.

34

References
1. Barnett, C. C. (2015). An Investigation into the Synthesis of a Four-Armed Diamino
Swallowtail(Unpublished master's thesis). The University of Mississippi.
2. Burge, S., Parkinson, G. N., Hazel, P., Todd, A. K., & Neidle, S. (2006). Quadruplex
DNA: sequence, topology and structure. Nucleic Acids Research,34(19), 54025415. doi:10.1093/nar/gkl655
3. Catto, M., Pisani, L., Leonetti, F., Nicolotti, O., Pesce, P., Stefanachi, A., . . . Carotti,
A. (2013). Design, synthesis and biological evaluation of coumarin alkylamines
as potent and selective dual binding site inhibitors of
acetylcholinesterase. Bioorganic & Medicinal Chemistry,21(1), 146-152.
doi:10.1016/j.bmc.2012.10.045
4. Han, H., & Hurley, L. H. (2000). G-quadruplex DNA: a potential target for anti-cancer
drug design. Trends in Pharmacological Sciences,21(4), 136-142.
doi:10.1016/s0165-6147(00)01457-7
5. Johnson, R. E., Haracska, L., Prakash, L., & Prakash, S. (2006). Role of Hoogsteen
Edge Hydrogen Bonding at Template Purines in Nucleotide Incorporation by
Human DNA Polymerase . Molecular and Cellular Biology,26(17), 6435-6441.
doi:10.1128/mcb.00851-06
6. Kota, R., Samudrala, R., & Mattern, D. L. (2012). Synthesis of Donor-σPerylenebisimide-Acceptor Molecules Having PEG Swallowtails and Sulfur
Anchors. The Journal of Organic Chemistry,77(21), 9641-9651.
doi:10.1021/jo301701a
7. Moyzis, R. K., Buckingham, J. M., Cram, L. S., Dani, M., Deaven, L. L., Jones, M. D.,
. . . Wu, J. R. (1988). A highly conserved repetitive DNA sequence, (TTAGGG)n,
present at the telomeres of human chromosomes. Proceedings of the National
Academy of Sciences,85(18), 6622-6626. doi:10.1073/pnas.85.18.6622
8. Rychnovsky, S., & Bahde, R. (2008). Cyclization of α-Amino Alkyllithium Reagents
via Carbolithiation. Synfacts,2008(12), 1311-1311. doi:10.1055/s-0028-1083597
9. Shriner, Hermann, Morrill, Curtin, & Fusin. (2012). The Systematic Identification of
Organic Compounds. S.l.: Wiley & Sons.

35

10. Simas, A. B., Pereira, V. L., Jr., C. B., Sales, D. L., & Carvalho, L. L. (2009). An
expeditious and consistent procedure for tetrahydrofuran (THF) drying and
deoxygenation by the still apparatus. Química Nova,32(9), 2473-2475.
doi:10.1590/s0100-40422009000900042
11. Steinke, D. (1970, January 01). DNA Barcoding. Retrieved April 20, 2017, from
http://dna-barcoding.blogspot.com/2014/12/four-stranded-dna.html
12. Wescott, L. D., & Mattern, D. L. (2003). Donor−σ−Acceptor Molecules
Incorporating a Nonadecyl-Swallowtailed Perylenediimide Acceptor. The Journal
of Organic Chemistry,68(26), 10058-10066. doi:10.1021/jo035409w
13. Witzany, G. (2008). The Viral Origins of Telomeres and Telomerases and their
Important Role in Eukaryogenesis and Genome Maintenance. Biosemiotics,1(2),
191-206. doi:10.1007/s12304-008-9018-0
14. Xu, Z., Cheng, W., Guo, K., Yu, J., Shen, J., Tang, J., . . . Yin, M. (2015). Molecular
Size, Shape, and Electric Charges: Essential for Perylene Bisimide-Based DNA
Intercalator to Localize in Cell Nuclei and Inhibit Cancer Cell Growth. ACS
Applied Materials & Interfaces,7(18), 9784-9791. doi:10.1021/acsami.5b01665
15. (n.d.). Retrieved April 20, 2017, from http://sdbs.db.aist.go.jp/sdbs/cgibin/cre_index.cgi

36

Supporting Information

37

38

39

40

41

42

43

44

Supporting Information 8

45

46

47

48

49

